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FOREWORD 



This temporary edition of the RPC Programming Manual is being published 
to provide material relative to the command repertoire and modes of op- 
eration of the rpo400q for those persons with an immediate need for this 
information. 

the manual, as presented, is incomplete, consi sti ng of four of an eventual 
seven sections. the complete manual, to be publi shed i n the near future, 
will contain secti ons on programm i ng techniques, manual controls and i/0 
Devices, and Summary Lists and Tables. 



AM INTRODUCTION i 
TO COMPUTERS § 



Th| i^rgingi fop ijJNE electroni CfCortPureR as a "major t BtiL ^fo^r'BUsi ness and 
Industry i s-niot surbri'SI ng wWfn six rsxffWsiOERib frtAT^VfeRY large parY ? 'of"" 
today's total work effort is devoted to the processing of lengthy calcula- , 
tions or vast amounts : 6f statistical datA^; Much £f THIS COMPUTATION IN- 
VOLVES WEAR I SOME* REPETITION ALONG WITH THE NECESSITY TO EFFECT I VELY UT 1 - 
LIZE A» CONFUSING -ARRAY OF INTERRELATED ' I NFORMAT I ON. ' I T IS JUST TH | \' SOpT 
OF> JOB THAT CAN'BE HANDLED BEST BY AN I NTE Lli'f GENTLY D I RENTED MACHI NE, NOT 
ONLY CAN THE: COMPUTiR^PiRFORM THESE TASKS MANY TIMES FASTER, BUT WITH MUCH 
LE.SjS;:FA;tLLB m TY THAN'CAN THE ; HUMAN WORKER . j A s : " ' ' *" '' ' "' ' "' '' ""*' 

Since earliest times^ the DEVELopMENf of- computNg "aids has f6lloWed two 

ScPERATE PATHS, DEPENDING UPON THE MEANS EMPLOYED TO RECOGNIZE AND TO RE- 
PRESENT I N FORMAT I ON values. Those devices which operate by the measure- 
ment of continuous PHYSICAL VARIABLES ARE KNOWN AS ANALOG OE VI CE S CR ANALOG 

Computers, A fuel gauge is a simple Analog device In that the oeflectio,n 
of a pointer is analogous to the quantity of fuel in a tAnkY 

The other type of computing aid, and that which directly concerns us, is 
known as a D 1 g 1 tal Computer. I t is characterized by its representation of 

VALUES, BOTH QUANTITATIVE AND SYMBOLIC, BY COUNTS OF DISCRETE DISCONTIN- 
UOUS PHY SI C A V> UN I TS. THE ABACUS IS A SIMPLE DIGITAL DEVICE IN WHICH BEADS 
ARE USED TO REPRESENT THE COUNTING UNITS. A MORE COMPLEX AND MODERN, BUT 
STILL NON-AUTOMATIC DIGITAL DEVICE IS REPRESENTED BY THE DESK CALCULATOR. 



The Automati c D i gi tal Computer 

THE i ABACUS HASSERVETQ MAN FOR THOUSANDS (F YEARS AS A SIMPLE STATI C STORAGE 
DEVICE TO' H Oil D THE PROGRESSIVE RE SULTS 0* LENGTHY" CALCULATI ONS. THE MODERN 
DESK CALCU4AT0R HAS, IN ADD I Tl ON TO A SIM I LAR LI M I TED STORAGE CAPACITY,. 
THEJABILITY TO* MtC«AN I €A LLY PERFORM CERTAIN B A S I C AR I THME T I C OPER AT I, ON S , . 

SUCHCAS ADDstTI ON; *Dl VI SIONV E-T.C. f HOWEVER ,"'Bl6fH OF THESE AIDS' TO COMPUTa'-' 
TIONVRBQUtREJTHEi CONSTANT SERVICES OF THE HUMAN OPERATOR TO OIRECTEACH 
INDiV1,DUAL«OPERAT^N?'-: , THUSVTHi^SPEED i *T0 : F °tHE'si C nSn^AUT O^ATTc^bEvYcE §'*f !i" 
LIMITED'TO :THErt .R AP * D ITY .; WITH WHI CH THE * SpeMtOR T SIn" 4 CONTROL * tWe I f{ \ASf )(qNS« ', 
IN ORDERfTO FUNCf nONAAUYOMATiCALLYi A-cbftPOTER MUST BE SELF- SEQUENC I NG • 
THATiahS,riT?MUST«HAVi THE CAPABILlfY OF CONTROLLING THE ORDER IN WHICH THE* 
STEPS :0P *; fCALCULATl ON ARE 5pERf*0RME*DV SY REFErtENdE TO A SEfji'EIS OF CODED 
SIGNALS WHICH ARE STORED WITHIN ITSELF. , <; 1 :^ ;- n M e \ f ?> \ \ •'"•■ *■ - >'• *• 



iHE HISTORY OF THE AUTOMATIC DIGITAL COMPUTER GOES BACK TO THE YEAR 1822 
W|£N AN ENGLISHMAN BIT THE NAME OT CHARLES BA.BBAGE, WITH THE FINANCIAL BACK- 
ING of the Britih Government, began work on what he called a full size 

|lFFERENCE ENGINE". THIS MACHINE WAS DESI.GNED FOR THE PURPOSE OF CALCU- 
L|TING MATHEMATICAL TABLES SO AS TO RELIEVE THE HUMAN OPERATOR (F THIS ROU- 
TINE FUNCTION. TEN YEARS LATER, AFTER AN EXPENDITURE OF 17,000 POUNDS, 
THE PROJECT WAS ABANDONED. IN 1833 HE ELABORATED UPON H I S I N I Tl AL EFFORTS, 
TO DEVELOP, THE CONCEPT OF A UNIVERSAL COMPUTER WHICH HE CALLED AN "ANALY- 
TICAL Engine". It was designed to be fully automatic and externally pro- 
grammed, it incorporated facilities for input/output, arithmetic opera- 
tions, internal storage and automatic program control. Unfortunately, the 
state of the engineering art was insufficiently advanced to produce a ma- 

money and effort were expended, the machine was never completed; i ..--rii -auosii 

It was not until the year I9M+ THAT the first suck universal digital com- 
puter was actually completed. This machine, generally referred; tq as -the . 
Harvard Mark I, used electromagnetic relays and mechanical counters* and 
was extremely cumbersome compared with ; the computers |N use TODAY, fj The 
first computer TO substitute electronic circuitry for electromagnetic was 
the' EM AC (Electronic Numerical Utegiat^r ^nd, Calculator) r which wa^useb 

PRIMARILY TO SOLVE BALLISTICS PROBLEMS. It CONTAINED SOME 18,000 VACUUM 
' T OWT S C!71tfOjSH T i^ IS^ B 9MTTfj^3 E ^Cp T ^^^SHANfc|AbHREV. A ^S"iT.^ 3U<«A3 33MI< 

THE GROWTH RATE OF THE COMPUTER INDUSTRY FOLLOWING THESE PIONEER EFFftRTf.S^ 
HAS SEEN TRULY FANTASTIC. DIGITAL COMPUTERS ARE^.B-E I »G > ENTiRjIASTEiD; WMTjH TAlNSi- 
EVER INCREASING SHARE OF THE ROUTINE, REPETITIVE FUNCT I ONS OF KU S I NE>SjS < MK» ; 

Industry. Computers are being produced . in a variety of types and size- 
classes DEPEND| J NG*dN THEIR INTENDED USE. " Of PARTICULAR IMPORTANCE IS THE 

itHS AS PROCESS CONTROL, DATAREpuCTJON FOR MANAGEMENT ANALYSIS, INVENTORY^ 
CONTROL AND SCIENTIFIC PROBLEM SOLVING. THEy! AR^ CHASTE *<|;Z.%P BY *0Dt**jT.E4 • 
COST, EASE OF INSTALLATION AND MA I.NTENANCE , AND GREAT FLEXIBILITY IK *H61«CU 
APPLICATION TO A VARIETY OF TASKS. ",''.', J,', ,, ' . 1* "...I. -,,'.\. ~ ... ~. , „ ,. „ ,. ,, .,,,,„,,. ■-.„, 



, s 



Computer Design Considerations 

AN AUTOMATIC DIGITAL COMPUTER MUST, OF HECEritnT^OitTn^lTn^Tirin'lT" 

LOG ; ICAL t ELEM|NTS % J^^T, 4 0F, CJtfR Sf,,, HAVE ?f TME AB I LI TY TO PEAFDRM AuNUMBERhT 
OF SIMPLE ARITHMETIC AND LOGICAL OPERATIONS. THE SOLUTION OF MOST MATME^H 
:^ AT YT*iA|W A jJjP?^- R fJ?*Wl-Mi 0|r COMPLEXITY, CAN BE REDUCED ; TO A, s SER IES OfV 
>$«}U$$* r *ti$M9W°ih** T Wh/li* m±m fO;A.9NA$UBTRA;CT,Yl!1UlLT*RL*Hr 
AND DIVIDE IS SUFFICIENJ TO PERFORM VIRTMAL.LY ANY MATHEMATICAL , CQMRUTATt 0NSU2 
THESE^.0Pf|AT i |.0N4 MU s S,T,,, | .,HQW|^E,p, J RE, iT PE^FO.RMf By | : N 2 A * SPEfilF I SAtL^DWCTEO I 7 
MANNER IN ORDER THAT THE DES I RED JJATA ^AMI BULATI ONTMAY. BE ACCOMPLISHED*^ i 
THE 4 ll f'?V( TRY WH,CH INTERPRETS THE INSTRUCTION CODES, BR I NG S I NSI HEO1»R0PER I J 
0P ?t AN ^AN°. EFFECT S ™E STEP^BY-STEP PERFORMANCE OF/ A REQUIRED OPERATION* I 
1 S |P N |^fife Y v^ E f s illi0 a |9 f'j ,fnE t ,Ai,l,TH^ETl.C ,ik|ME;NT. -HiiiT US *TO^THI'.STELEMEHTHT 
THAt n ARE. 5 ASS| 3 G^|p THE, jT TA^|^F ; .,.||OC,|SS (,^^0,^1^1 KG , fMBCRMATI 0*1 mOi&BTt 
ELrMENTARY DECISIONMAKING'. „.,„-..,,, ,,,,,,,.,-,»„,..,, ..,„» tl . ,„..-,-», u ... » , 



in order that information ( both i nstrucf i ons and operands) may be suppli ed 
to the Arithmetic Element at a rate comparable to its inherent processing 
speed, it is necessary that there be some form of internal memory element. 
This element is generally used to store both the program to direct the pro- 
cessing operation, ANO THE DATA TO BE PROCESSED. ITMUST PROVIDE FOR RAPID 

access and locatabi li tv qf each piece of information on a program demand 
basis. Without the Memory Element, the speed of a computer would be re- 
stricted TO A MECHANICAL INSERTION RATE. 

Prior to beginning a processing operation, and often during the course of 
an operation, information from an external source must be entered into the 
computer's Memory, Consequently, there is required an Input Element to 
accomplish this loading of data. 

Conversely, at the completion of, and often during an operation, the pro- 
cessed DATA MUST BE EXTERNALLY PRESENTED IN A USABLE AND UNDERSTANDABLE 
MANNER. This internal to external transfer of DATA is A FUNCTION OF THE 
Output Element. 

Finally, and vital to the automatic functi oning of the computer, there must 
be a Control Element to coordinate the activities of the other four ele- 
ments. It is responsible for the proper sequencing of each action within 
the computer. It is this precise sequencing which determines whether a 
piece of information stored in Memory is to be used as an instruction or 
as data to be processeo. .it i s the only way in which the computer can make 
this distinction. data ano i nstructi ons occur intermixed in memory, and 

IN THE SAME FORM. In FACT, THE IDENTICAL PIECE OF INFORMATION MAY BE USED 
IN BOTH WAYS IN DIFFERENT PARTS OF * PROGRAM. FURTHER , TH I S CONTROL ELE- 
MENT MUST activate Input and Output devices, when called for, and, i n gen- 
eral, DIRECT THE OVERALL PERFORMANCE OF A PROGRAM OR PROGRAM COMPLEX. 
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FIGURE I. Logical Diagram of Automatic Computer 



GLOSSARY OF COMPUTER TERMS 



ACCESS TIME The time required to bring a selected Word from storage to 

the point at which it is to be used or processed. 

ACCUMULATOR—That Register, within the Arithmetic Element, in which are 
formed the results of arithmetical and logical operations. 

ADDRESS- A character, or string or characters, used to identify a 

LOCATION WITHIN THE COMPUTER MEMORY. 
ADDRESS A LABEL, USUALLY NUMERIC, WHICH IDENTIFIES A LOCATION IN 

(Absolute) Memory relative to the initial Memory location. 

ADDRESS A label, consisting of arbitrarily chosen symbols to repre- 

(Symbolic) sent a. location within a Program Routine which is indepen- 
dent of the location of the Routine in Memory or its ini- 
tial location. 

ALPHA-NUMERIC--A symbol system in which are included alphabetic, numeric 

AND SPECIAL CHARACTERS. 

ARITHMETIC That part of a computer in which arithmetic and logical 

ELEMENT COMPUTATIONS and decision making FUNCTIONS are performed. 

ASSEMBLER -A Utility Program which assigns Absolute Aodress values for 

THE VALUES IN A SYMBOLICALLY ADDRESSED PROGRAM ROUTINE AND 
SETS UP STORAGE ALLOCATIONS FOR ITS VARIOUS PARTS. 

BASE In a number system employing positional notation, the Base 

is the number of counts required in each position to cause 
A change in the next higher position. It is also the num- 
ber of discrete numeric characters employed in the system. 

BINARY-CODED— Representation of each decimal character in a number by a 
DECIMAL pattern of Binary digits. 

BIT Common programming expression for Binary Digit. The small- 
est MEANINGFUL UNIT OF INFORMATION IN THE COMPUTER. AN 
INDIVIDUAL BIT IS RESTRICTED TO THE VALUES "0" AND "I". 

BLOCK A GROUP OF RELATED COMPUTER WORDS OR CHARACTERS PROCESSED 

OR TRANSFERRED AS A UNIT. 

BOOTSTRAP A procedure for entering a Program into the Computer. The 

INITIAL FEW STEPS OF THE ROUTINE, NORMALLY ENTERED MANUALLY, 
ARE USED TO AUTOMATICALLY LOAD THE REMAI NDER OF THE PROGRAM. 



BUFFER An intermediate storage qevice for coordinating the transfer 

OF INFORMATION FROM ONE PART OF THE COMPUTER TO ANOTHER. 

COMMAND THE DIRECTIVE PORTION OF AN INSTRUCTION. THE SPECIFIED AC- 
TION TO BE TAKEN BY THE COMPUTER. 

COMPILER-- A Utility Program which produces a machine language Program 

from a Program which i s cooed inaproblem oriented language. 
The coding form of the Program to be compiled ordinarily 
will closely approximate standard algebraic notation. 

COMPUTER An electronic device for the automatic calculation of se- 

(Digital). quences of arithmetic and logical operations. Quantities 
and values are represented by patterns of bi-stable magnetic 
or electronic indicators. 

CONSTANT A value which is not subject to change during an operation. 

CONTROL That part of a Computer which directs the sequencing and 

ELEMENT timing of its actions. 

DATA That information useo as Operands i n the arithmetic and lo- 
gical operations of the Computer. 

data reduction-the processing of large volumes of raw data so as to con- 
dense and simplify it to a more meaningful presentation. 

DEBUGGING-- The process of eliminating errors from a Program by inspec- 
tion or MACHINE TESTING. 

EXTRACT To Clear selected portions of a Word to zero, leaving the 

REMAINING PORTIONS INTACT. 

FIELD — - — — —A DEFINED SPACE WITHIN ACOMPUTER WORD OR INFORMATION FORMAT 
WHICH IS ASSIGNED TO HOLD A SPECIFIED TYPE OR CLASS OF 
INFORMATION. 

FIXED POINT— --That system of programming arithmetic in which the location 

OF THE DECIMAL OR BINARY POINT IN A COMPUTER WORD MUST BE 
CONTROLLED AND MANIPULATED BY THE PROGRAMMER. 

FLOATING POINT-THAT SYSTEM OF PROGRAMMING AR I THMETI C I N WH I CH THE LOCATI ON 
OF THE DECIMAL OR BINARY POINT IN A COMPUTER WORD IS AUTO- 
MATICALLY MANIPULATED AND CONTROLLED BY THE COMPUTER OR A 

Program Routine. 

HEAD The assembly for recoroing or reaoing one Track of informa- 
tion ON A MAGNETIZED SURFACE. 



HEXADECIMAL The positional number system using a Base of 16. A number 

SYSTEM WHICH EMPLOYS 16 DISCRETE NUMERIC CHARACTERS. 

INDEX REGISTER-A Register to contai n a quantity which may be used to auto- 
matically INCREMENT THE ADDRESS PORTION OF AN INSTRUCTION. 

INPUT-- Information entered into a Computer' s Memory from an exter- 
nal source. 

instruction a set or string of character s wh i ch comple te ly spe c i f i e s 

one action to: be taken by the computer. 

load- — —to enter information into the computer from an external 

source* Also, to place a value into a Register, such as 
the Index Register. 

LOOP — ■ —A Programming technique in which a sequence of Instructions 

is repeated a specified number of times before proceeding 
with the remainder of the program* 

magnetic drum — a rotating cylindrical drum used for information storage. 
Recording is in the form of magnetized spots on the surface 
of the drum. 

MEMORY — The working storage area of a Computer* Generally, the 

STORAGE DEVICE PERM I TTI NG THE HOST RAP I ACCESS TO ITS DATA. 
IT IS FROM THIS STORAGE THAT INSTRUCTIONS ARE OBTAINED FOR 
EXECUTION* 

MICROSECOND- — One millionth of a second. 

MILLISECOND— —One thousandth of a second. 

MNEMONIC —A CODE form of identification devised so as TO ASSIST IN 

THE REMEMBRANCE OF ITS MEANING. 

OPERAND- -—AN ITEM OF INFORMATION WHICH ISTOBE OPERATED UPON, OR ONE 

WHICH ENTERS INTO AN OPERATION* 

OPTIMIZE— — --To code a Routine in such a way as to minimize the total 
Memory Access Time. 

OUTPUT— — — Information transferred from the Computer's Memory to an 

EXTERNAL DEVICE. 

OVERFLOW— — The generation, in a Computer Register, of a quantity beyond 

THE CAPACITY OF THE REGISTER. 

PARAMETER An item which may be assigned ARBITRARY values, depending 

UPON ITS USE IN A GIVEN ROUTINE. 



PARITY B I T~-- — An extra Binary Digit added to an item of information for 

VALIDITY CHECKING PURPOSES. 



PARITY CHECK— -A method of verifying the accuracy of a data transfer by 
counting the number of "I" Bits in the transferred item, 
including the Parity Bit. An'accurate transfer is indicated 
by an even cowkt in an "even parity 11 system, or by an odd 
count in an "ess PARITY" SYSTEM. 

PROGRAM A COMPLETE SEQUENCED SET OF COMPUTER INSTRUCTIONS DESIGNED 

TO CARRY OUT A DESIRED PROCESSING FUNCTION, OR SOLVE A OE- 
FINtD PROBLEM. 

REGISTER-— — -The hardware for storing one complete Computer Word. 

ROUTINE —A sequenced set of Computer Instructions, part of a Program, 

for performing some well defined function. 

SECTOR The space on a storage drum, measured along the circumfer- 
ence, REQUIRED TO HOLD ONE COMPUTER WORD. 

SUBROUTINE -A Program sub-unit, usually used in common by more than one 

(Closed) Program, which is entered viaaTransfer from the main Pro- 
gram and exits via a Transfer back to a selected point in 
the main Program. 

SUBROUTINE— — A Program sub-unit, not entered via a Transfer, which is 
(Open) included in the normal sequence of a Program. 

TRACK -The path around a storage orum, traced out by each Head of 

the drum assembly. Also, the information stored on a given 
Track, 

TRANSFER— —To move information from one storage area to another. 



UTILITY- 
PROGRAM 



WORD- 



To depart from the linear sequence of the Program Instruc- 
tions by shifting control to another area or the Program, 
This shift is often conditional upon the results of a Pro- 
gram TEST OF AN INDICATOR WORD. (CONDITIONAL TRANSFER) 

-A Program designed to assist in the full utilization of the 
Computer. Included in this class are Assembly Programs, 
Compilers, I nput/Output Programs, etc. 

-a set or strin8 of symbols which occupies one complete 
storase register in the computer. thisword may be treated 
as an Instruction or as a Data Word, depending upon the 
manner of its occurrence in a program. 
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ARITHMETIC FOR 
PROGRAMMERS • 



THE CONCEPT OF NUMBER 13 SO BASIC TO OUR EVERYDAY LIFE THAT THE AVERAGE 
PERSON RARELY HAS OCCASION TO REFLECT ON THE MANY MEANINGS OF NUMBER, OR 

on the many forms in which numbers are expressed. however, the advent of 
the electronic computer has necessitated a reconsideration of number sys- 
tems, and their appli cab i l i ty to the conveyance and manipulation of infor- 
mation through electronic circuitry. 

Numbers are used, primarily, to denote quantity or amount. We use numbers 
to state how many pills are in a bottle, or how many pounds of coffee are 
in a bag, or how many miles between here and tin cup , colorado. but there 
are other ways of using numbers. a number can also be used to represent 
one member of an ordered set of symbols. a house number, for example, 
serves to identify a particular house among a number of houses in its set. 
it further serves to locate that house with respect to these other houses. 
When a number is used for this dual purpose of location and identification, 
it is generally referred to as an address. Finally, a number which serves 
only to identify, but whi ch has no quanti tati ve or locational significance, 
is usually calleo a code number. 

All three of these aspects of NUMBER— QUANTITY, ADDRESS AND IDENTITY ARE 

VITAL TO THE DESIGN AND OPERATION OF A HIGH SPEED DIGITAL COMPUTER. HOW- 
EVER , THE PRE SE NT DISCUSSION WILL CONCERN ITSELF, PR IMAR I LY, Wl TH THE QUAN- 
TITATIVE ASPECT OF NUMBER. 



NUMBER SYSTEMS 

A Number System may be classified by the number of counting 
employs. This number is referred to as the base op the system 
mal System is a base-ten Numbfr System} .that is, it uses the 
characters, thru 9. It is further characterized by its use 
tional notation. when counti n8, i f one d i 6 i t pos i tl on progre sse 
it adds a count in the position immediately to its left. thu 
becomes 10} 19 plus i becomes 20; 99 plus i becomes 100, etc. 
t10n in a decimal number represents an integral power of 10, 
the number 456, the k represents *f times |02j the 5 represents 5 
and tni $ represents 6 times 10°. similarly, the decimal fr 

REPUfSINft 7 TIMES 1 0" I PLUS 8 TIMES 10"* PLUS 9 TIMES I0"3. 



symbols it 
. The Deci- 
ten numeric 

OF A POSI- 
S BEYOND 9, 
S, 9 PLUS I 

Each posi- 
so that in 

TIMES 10'j 
ACTION .789 



Obviously, we are not restricted to a base-ten systeh of numbers* The same 
notational structure applies equally well to other bases. and, in fact, 
it has been determined that today's electronic digital computer functions 

MOST EFFICIENTLY USING A BINARY SYSTEM FOR ITS INTERNAL FUNCTIONS. THIS 

base-two system follows naturally from the fact that the computer ci rcu i try 
is made up, in large part, of bi-stable devices. 

The Binary System 

The Binary System is, of course, a system which utilizes only two numeric 
characters, and i. the pr i nc i ples of counting ano arithmetic are exact- 
ly the same as for decimal numbers,, counti ng proceeds i n the order, i, 10, 
II, 100, 101, 110, III, 1000, 1001, etc. Whereas, in the decimal system 

EVERY TENTH COUNT IN A DIGIT POSITION CAUSES A CHANGE IN THE NEXT POSITION 
TO ITS LEFT? IN THE BINARY SYSTEM EVERY SECOND COUNT STEPS THE NEXT HIGHER 
DIGIT POSITION. EACH SUCCESSIVE POSITION TO THE LEFT REPRESENTS THE NEXT 
HIGHER POWER OF TWO. THUS, THE BINARY NUMBER, IOIIQ, IS EQUAL TO I TIMES 
2 1 * PLUS TIMES 2 3 PLUS I TIMES 2 2 PLUS I TIMES 2> PLUS TIMES 2°. THIS 

is equivalent to the decimal number 22. 

similarly, in a fractional binary number, the positions to the right of 
the Binary point represent successive negative powers of two. Thus, the 
Binary fraction, .10110, represents I times 2'' plus times 2 -2 plus I 
times 2~ 3 plus I times 2" 1 * plus times 2" 5 . This is equivalent to the 
decimal, l/2 plus |/8 plus 1/(6, or U/|6. 

IF WE WERE TO PERFORM ALL OUR MANUAL COMPUTATIONS I N B I NARY ARITHMETIC, WE 
WOULD FIND THAT, ALTHOUGH THE I ND IV I DUAL OPERATI ONS ARE CHI LD I SHLY SIMPLE, 
WE WOULD SOON BE DROWNING IN A SEA OF O'S ANO I ' 5. THE DECIMAL NUMBER, 
999,999, IF REPRESENTED IN BINARY,, REQUIRES 20 DIGITS. THE COMPUTER, ON 
THE OTHER HAND, FINDS IT MUCH EASIER TO HANDLE A LARGE NUMBER OF DIGIT 
POSITIONS THAN TO DEAL WITH MORE THAN TWO DIGIT VALUES. I N ORDER TO FACIL- 
ITATE COMMUNICATION BETWEEN THE PROGRAMMER AND THE COMPUTER, IT IS DESIR- 
ABLE TO USE A NUMBER SYSTEM WHICH PROVIDES FOR BR I EF NUMER I CAL NOTATION; 
AND ONE WHICH PERMITS E ASY CONVERSI ON TO AND FROM THE BINARY SYSTEM, 



The Hexadecimal System 

if we look carefully at the binary system, we note that four digit positions 
are sufficient to hold 16 numerical values from to 15. the rpc-*+000 has 
a word length of 32 bits (binary digits), so that one woro can be divided 
evenly into eight 4-bit groups. |f we select, for communication with the 
computer, a number system to a base of . 1 6, we can represent a full compu- 
ter word with just eight characters, and each character will correspond 
exactly with a unique pattern of ,b i nary digits. 

This base-sixteen system is known as a Hexadecimal system. It is the sys- 
tem USED FOR ALL DIRECT . COMM.UNI.CATI OM WITH THE COMPUTER. THE TABLE OF 

Hexadecimal characters and their decimal and binary equivalents is as 

FOLLOWS! 



Hexadecimal Decimal Binary 

0000 

| I 0001 

2 2 0010 

3 3 0011 

4 J* 0100 

5 § 0101 

6 6 0110 

7 7 01 1 1 

8 8 1000 

9 9 • 1001 
A 10 1010 
B II 101 1 
C J2 MOO 
13 1101 
E Hf 1110 
F 15 llll 



Binary Coded Decimal 

Frequently encountered in discussions of programming ano computers is an- 
other, AND SOMEWHAT DIFFERENT, SYSTEM OF NUMBERS KNOWN AS BINARY CODED 

Decimal. This is actually a system built on two bases, 2 ano 10. Base 2 
js used in the binary representation of each of the ten numeric characters, 
thru 9. Normally, the Binary numbers, 0000 thru 1001 are used, and each 
4-bit group signifies one decimal character* the posi tl onal notation used 
is the same as for decimal numbers in that each successive 4-bit binary 
group proceeding to the left of the units position represents the next 
higher power of ten. thus the decimal number, 369, appears in bl hart coded 
Decimal as 0011 0110 1001. The same number in Binary is written IOIIIOOOI. 

The usefulness of this number system is in providing a convenieny form in 
which yo process numerical data through the input/output equipment. its 
use, however, requires input ano output program routines which will make 
the conversion to and from a true binary representation. 



Conversion Between Systems 

|n working with programs and computers, it frequently becomes necessary yo 
perform a manual conversion from one number system to another. this is 
particularly true in debugging, where a word displayed on the scope face 
must often be verified against a symbolically written program word. 

conversion of a decimal integer into its binary or hexadecimal equivalent 
may be accomplished by a system of successive dl v i si ons of the decimal 
integer by yhe base of yhe system into which we are converting. for exam- 
PLE, CONSIDER the Decimal number, 229 f If we divide by the Hexadecimal 
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BASE, 16, WC GET 
SIGNIFICANT DIGIT 
DIVIDE THE INTEGR 

The \k, expressed 

SIGNIFICANT DIGIT 

of 229 I s E5. To 

BASE OF A NUMBER 
NUMBERS WOULD BE M 
ANOTHER EXAMPLE, 

Decimal integer I 



i *♦, with a remainder of 5. the 5 represents the least 
of the Hexadecimal number we are computing. If we now 

AL QUOTIENT, l*t, BY 16, WE GET 0, Wl TH A REMAI NDER OF l*t. 
HEXADECIMALLY BY THE CHARACTER, E, REPRESENTS THE MOST 

OF THE DESIRED NUMBER, SO THAT THE HEXADECIMAL EQUIVALENT 
AVOID CONFUSION WHEN WORM NG Wl TH NUMBER CONVERSI ONS, THE 
IS USUALLY REPRESENTED BY A SUBSCRIPT, SO THAT THE ABOVE 
ORE CLEARLY EXPRESSED AS 229| q AND E5|6* LET'S CONSIDER 

THIS TIME SHOWING THE CONVERSION IN TABULAR FORM. THE 
386 WOULD BE CONVERTED AS FOLLOWSt 



DECIMAL 
NUMBER + 



16 



QUOTIENT 



WITH 



REMAINDER 



!386|o 

86,o 

5|Q 



86| 
5|0 





(least signigicant) 
A|6 

6|6 
(most significant) 
5 I6 



The Hexadecimal equivalent of I386|o is 56A, 6 . Note that the "A" in the 
above example is used as a hexadecimal numeral, and is the equivalent of 
a Decimal 10. 



Decimal integers may be converted to Binary in exactly the same fashion. 
Conversion of 52, q to Binary proceeds as follows* 



DECIMAL 
NUMBER 



QUOTIENT 


26,0 


I3|0 


6 I0 


3|0 


ho 


0|0 



WITH 



REMAINDER 



52 



10 



26 I0 

«3|0 

6,o 

3|0 

Mo 



(least significant) 
02 

2 
»2 

° 2 

12 
(most significant) 
12 



The Binary equivalent of 52, is shown to be 1 1 01002- With a little prac- 
tice, a Binary NUMBER CAN BE REAOILY CONVERTED TO DECIMAL BY INSPECTION OR 
BY REFERRING TO A TABLE OF POWERS OF TWO. CONVERTING THE ABOVE BINARY 
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value to Decimal is just a matter of adding 2 5 (32), 2*+ (16), and 2 2 (*f) 
to arrive at the value, 52|q c fractional values may be similarly handled 
by using negative powers of two. 

Conversion of a Decimal fraction into Hexadecimal or Binary may be accom- 
plished BY A SYSTEM OF SUCCESSIVE MULTIPLICATIONS BY THE BASE INTO WHICH 

we are converting. For example, consider the following conversion of . 91 2| o 
into Hexadecimal: 



DECIMAL 
NUMBER X 16 



= PRODUCT 



WITH 



INTEGRAL 
CARRY 



HEXADECIMAL 



.912,0 
.592,0 
.^72,0 

ETC. 



R. 592,0 
9.H72|0 
7.552,0 



i'*»I0 

9 I0 
7|0 



E|6 
9|6 
7|6 



In this process, the first integral carry REPRESENTS THE most significant 
digit of the Hexadecimal fraction, and the fraction, .912, q, converts to 
•E97|6, computed to 3 places. 



Scaling 

The numbers, ,752,o» 7.52, q, 75. 2, q, and 752, q are identical in appearance 
except for the placement of an insignificant looking symbol known as a 
Decimal point. Yet the use of this symbol can make a huge difference in 
the meaning of the number in wh i ch i t i s placed. when we work with numbers 
in this fashion, we arbitrarily place this point in such away as to estab- 
lish a desired magnitude for the number we wish to represent. the digits 
to the left of this point represent integral values, and the digits to the 
right represent fractional values. in order to perform valid arithmetic 
operations with these numbers, we must necessarily be cognizant of the lo- 
cation of the point in all our operands. 

The RPC-*t000 computer word is 32 Binary digits in length. For a data word, 
these bits provide for a sign bit in position 0, and 31 magnitude bits. 
The principles of scaling, outlined above with respect to Decimal arithme- 
tic, APPLY ALSO TO THE BINARY VALUES USED BY THE COMPUTER. THE BINARY 

point does not actually exist within the computer. it exists only in the 
mind or on the paper of the programmer. it is his responsibility to con- 
trol the placement of values in the computer word so that these implied 
Binary points will fall in the proper positions to proouce valid arithmetic 

RESULTS. 
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THE BINARY POINT LOCATION BETWEEN BITS AND I OF THE COMPUTER WORD, RE- 
FERRED TO AS THE MACHINE POINT, SERVES AS A REFERENCE POINT IN SPECIFYING 
THE SCALE FACTOR FOR A VALUE IN THE WORD. THE SYMBOL, "Q", HAS BEEN ESTAB- 
LISHED BY CONVENTION TO DENOTE THE PLACEMENT OF THE IMPLIED BINARY POINT 
WITH RESPECT TO THE MACHINE POINT. |FA VALUE IS ENTERED INTO THE COMPUTER 
AT A "ft" OF 5, THE BITS IN POSITIONS I THRU 5 REPRESENT THE INTEGRAL POR- 
TION OF THE VALUE, AND THE BITS IN POSITIONS 6 THRU 31 REPRESENT THE FRAC- 
TIONAL PORTION. 

TO PERFORM A VALID ADDITION OR SUBTRACTION IN THE COMPUTER, THE BINARY 
POINTS MUST BE LINED UP THE SAME AS WE WOULD LINE UP THE POINTS IN PERFORM- 
ING THESE OPERATIONS WITH PENCIL AND PAPER. THAT IS, THE OPERANDS MUST BE 
STORES IN THE COMPUTER AT THE SAME "ft". A NUMBER AT A "Q" OF 12, ADDED TO 
ANOTHER NUMBER AT A "q" OF 12, WILL PRODUCE A SUM WHICH IS ALSO AT A "fl" 

or 12. 

IN MULTIPLICATION HOWEVER, THE POINTS NEED NOT BE LINED UP, BUT MAY BE AT 
ANY LOCATION WHICH Wl LL PRODUCE A PRODUCT AT THE REQUIRED "Q". THE "q" OF 
THE PRODUCT OF A MULTI PLI CATI ON IS THE SUM OF THE "Q«S" OF THE MULTIPLICAND 
AND THE MULTIPLIER. A NUMBER AT A "q" OF 6, MULTIPLIED BY A NUMBER AT A 
"P." OF 3, WILL PRODUCE A PRODUCT AT A "q" OF 9. 

The rules roR perporming a division in the computer are equally simple, 

BUT REQUIRE ONE ADDITIONAL PRECAUTION ON THE PART OF THE PROGRAMMER. THE 
"Q" OF THE QUOTIENT IS DETERMINED BY SUBTRACTING THE "q" OF THE DIVISOR 
FROM THE H Q" OF THE DIVIDEND. THE VALUE, 6, AT A "Q" OF 3, DIVIDED BY THE 
VALUE* 2, AT A M Q" OF 2, SHOULD PRODUCE A QUOTIENT, 3, AT A "q" OF I. BUT 
THE VALUE, 3, CAN MOT BE HELD AT A M Q»' OF I , SO THAT A CONDITION KNOWN AS 
A "DIVIDE CHECK" OCCURS. THI S, OF COURSE, PRODUCES AN OVERFLOW OUT OF THE 
ACCUMULATOR WHICH WILL TURN ON AN INDICATOR, KNOWN AS THE BRANCH CONTROL. 
TO AVOID THIS SITUATION, THE PROGRAMMER MUST SCALE HIS OPERANDS SO THAT 
THE QUOTIENT WILL FIT IN THE ACCUMULATOR. In THE ABOVE EXAMPLE, SHIFTING 
THE DIVIDEND, 6, TO A "q" OF *», AND THEN DIVIDING BY 2 AT A "q" OF 2, WILL 
PRODUCE A QUOTIENT OF 3, AT A "q" OF 2, WHICH CAN BE CONTAINED WITHOUT 

overflow. Considered from the standpoint or the computer word, itself, and 
disregarding the implied binary point location, the divisor must always 
Exceed the dividend to perform a valid divioe operation. 

the means fdr controlling the scali ng of values i n the computer are provided 
by a shift instruction, which permits the programmer to adjust the "q" of 

ANT VALUE BY SHIFTING THE ACCUMULATOR CONTENTS RIGHT OR LEFT BY A PRESCRIBED 
NUMBER OF BIT POSITIONS. (SEE PAGE 38) I T I 8 IMPORTANT, I N CODING A PROGRAM, 
TO NOTE ON THE COOING SHEET THE M Q" VALUES IN ALL ARITHMETIC OPERATIONS. 
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THE CENTRAL 
COMPUTER 



The basic unit of information in the computer is referred to as a Word. 
The computer Word in the RPC-'+OOO consists of 32 Binary Digits, commonly 
called "bits". th i s 32 bit pattern of information has a meaning dependent 
upon the context in which it is used. that is to say, that the same word 
from memory may be used as an i nstructi on or as an ar i thmet i c operand, and 
this usage is determined by the manner in which the program i s wr i tten. 

When used as numerical data, a Word is considered as consisting of. a sign 
bit in the left-most position, followed by 31 magnitude bits. 



Magnitude Sits _ _' , m ni \ 

Ml* I 



I § 1 1 1 2 I 3 1 4 1 5 I 6 1 7 1 1 1 S |t«|ll|l2|t3|Y4|t5|lffll7|U|l3|2«|Zl|22|23l24|25|26|27t2t|2t| 

Figure 2. RPC-UOOO Data Word Format 



When used as an instruction, a Word is considered as consisting of a Com- 
mand in bits thru H, an Operand or an Operand Address in bits 5 thru 
17, the Next Instruction Address in bits 18 thru 30, and the Index Tag in 
bit 31. 



ir|l« TR' 



Command I Operand Address J Next_Ao°M13— — — — — 

4|5 track 1l|l2 Sector 1T|lt Track Ml» Sector »T*1| 

Figure 3. RPC-UOOO Instruction Word Format 
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In certain cases it is convenient to consider the 32 bits of a Word as 
eight Hexadecimal characters. This is particularly true in entering infor- 
mation MANUALLY INTO THE COMPUTER OR IN ANALYZING CERTAIN COMPUTER OUTPUTS. 



Hex 1 1 Hex 2 



Hex 3 



He x. *t 




314 7|t 11|12 1S|1$ 

Figure ki RPC-HOOO HeXAOecimal Word Format 



THE MEMORY DRUM 
Information is stored in The RPOMJOO on a magnetic drum which rotates at 

THE RATE OF 3660 REVOLUTIONS PER MINUTE. TH,S INFORMATION WILL CONSIST OF 
BOTH DATA WORDS AND INSTRUCTION WORDS. EACH INDIVIDUAL B I T OF EACH WORD 
STORED IN THE COMPUTER IS IN THE FORM OF A DISCRETE MAGNET I ZED SPOT ON THE 
IRON OXIDE COATED DRUM SURFACE. EACH BIT CAN EXIST IN ONE OF TWO MAGNETIC 
STATES REPRESENTING THE BINARY VALUES, (ZERO) AND I (one). ALL INFORMA- 
TION IN THE COMPUTER, INCLUDING ALL MEMORY REGISTERS AND ALL WORKING REG- 
ISTERS, I S REPRE SENTED IN THIS MANNER. 

THE COMPUTER WORDS ARE ARRANGED IN PARALLEL BANDS AROUND THE DRUM, EACH 
BAND CONTAINING 6k WORD SOtl Tl ONS. ASSOCIATED Wl TH EACH OF THESE BANDS IS 
A MAGNETIC READ/WRITE HEAD ( THOSE BANDS USED FOR DOUBLE ACCESS EACH HAVE 
TWO READ/WRITE HEADS). THE BAND OF INFORMATION TRACED OUT BY ANY GIVEN 
HEAD IS REFERRED TO At A TAACli EACH Of THE 6* WORD POSITIONS AROUND THE 
CIRCUMFERENCE OF THE DRUM IS REFERRED TO AS A SECTOR. 

tHE RPC-WJOO MEMORY CONSISTS Of f2f TRACKS (NUMBERED 000 THRU 127) AND 6k 
SECTORS (NUMBERED 00 THRO &K HtNtE, THE LOCATION OF ANY WORD IN MEMORY 
CAN BE SPECIFIED BY ITS TRACK AND SECTOR NUMBER. THIS NUMBER IS KNOWN AS 
THE ADDRESS OF THE WORD IN QUESTION. 

Tracks 000 thru r22 or the magnetic drum are the Main Memory storage area 

FOR THE RPOhOOO* EACH TRACK HAS 6k ASSOCIATED SECTORS, EACH OF WHICH 
CONTAINS ONE COMPUTER WORD. THE TOTAL STORAGE CAPACITY OF MAIN MEMORY IS 

7872 words. Ant word in Main Memory may be referenced by specifying its 

TRACK AND SECTOR ROEITIOH. THUS, 098*5 REFERS TO THE WORD WHOSE ADDRESS 

is Track 098, Sector m3. 

Maximum access time eor a word in Main Memory is the time required for one 

COMPLETE DRUM REVOLUTION, OR APRROklMAYELT 17 MILLISECONDS. AVERAGE ACCESS 
TIME IS APPROXIMATELY 8.5 MILLISECONDS. 



IS 



r 



TRACKS 

o thru 122 
A 



"\ 



SECTORS 
o thru 63 




Figure 5. RPC-4000 Main Memory Storage 



Dual Access Tracks 

In addition to the Main Memory just discussed, there are two bands of mem- 
ory storage on the drum for which Dual Access is provided. Each of these 

BANDS HAS TWO READ/WRITE HEADS, ADDRESSED BY.: THEIRvOWN individual track 

numbers. The heads addressed as Track 123 and Track 125 share the same 

STORAGE BAND. THE TRACK 1 25 HE AD I S D I SPLACE D SO AS TO BE |(5 WORD TIMES 
LATER THAN THE TRACK 123 HEAD. THEREFORE, BOTH HEADS REFER TO THE SAME 

set of words, and the word wh i ch i s, adore ssed by 12301 is the same word as 
that addressed by 12517. 

Likewise, the heads addressed as Track 124 and Track 126 share the same 
set of word positions. in this case, the track 126 head is displaced so 
as to be 24 word times later than the track 124 head. the word addressed 
by 12401 is the same word as that addressed by (2625. 
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Random access time for a word from the Dual Access storage area is the same 
as for a word from Maim Memory. Total Dual Access storage capacity is 

128 WORDSo 




Figure 6. Dual Access Storage Tracks 



The Reci rculati ng Li ne 



There are 8 additional words of memory storage on the drum in what is known 
as the Recirculating Line. The associated read/write head is referred to 
as Track 127, and this track provides a special fast access storage area. 
The fast access capability derives from the fact that these 8 words are 
repeated 8 times around the drum. this is accomplished in the following 

MANNER. 

IN ADDITION TO, AND FLANKING THE NORMAL REAd/wRITE HEAD ARE A SEPARATE 
READ HEAD AND WRITE HEAD. THE READ HEAD IS PLACED SO AS TO TRA I L THE WRITE 
HEAD BY 8 WORDS. THAT IS TO SAY, THAT A WORD POSITION ON THE DRUM WILL 
REACH THE WRITE HEAD 8 WORDS BEFORE REACHING THE READ HEAD. CONSEQUENTLY, 
AS EACH WORD IS READ BY THE READ HEAD, IT IS IMMEDIATELY WRITTEN BACK ON 
THE DRUM 8 WORD POSITIONS FARTHER ALONG ON THE DRUM. LIKEWISE. ANY NEW 
WORD VALUE WRITTEN ON THE DRUM BY THE NORMAL RE Ad/wR I TE HE AD WILL BE PICKED 
UP WHEN IT REACHES THE READ HEAD AND RECIRCULATED. 

Since every eighth word around the drum on Track 127 is identical, sector 

ADDRESSES WILL BE MODULO 8. THE ADDRESSES 12701, 12709 AND 12717 WILL 
ALL REFER TO THE SAME WORD I NA SMUCH AS THE SECTOR ADDRESSES DIFFER BY MUL- 
TIPLES OF 8. With 8 accesses provided for each word every drum revolution, 

MAXIMUM ACCESS TIME FOR THE RECIRCULATING LIME IS APPROXIMATELY 2 MILLI- 
SECONDS, WITH AN AVERAGE ACCESS TIME OF ABOUT I MILLISECOND. 



17 




READ/ WRITE HEAD 
Track 127 



WRITE 
HEAD 



Figure 7. The Recirculating Line 



The Sector Reference Timing Track 

Although this track cannot be read directly or modified by the programmer, 
some explanation of its function may be helpful. The Sector Reference 
Timing Track contains the Sector Reference numbers 00 thru 63, which are 
permanently pre-recorded at the time of manufacture. The track has a read 
head only, which serves to locate, by reference to this Timing Track, any 
Sector Address on the drum which is called for in a program. 

During a Compare instruction (CME or CMG) the contents of this track are 
continually copied into bits 25 thru 30 of the Index Register until a suc- 
cessful comparison is found, or until completion of the instruction, at 
which points any further copying is inhibited. Consequently, following a 
successful comparison, the Sector Address of the memory word which compares 
can be determined by subtracting i from the tlm i ng track value in the index 
Register. 



THE WORKING REGISTERS 

A Register may be oescribeo as the hardware for storing a single computer 
word. Those registers which are used to perform the various arithmetic 
ano control functions wl th i n the computer are the work i ng registers. there 
are four such reg i ster s i n the rpc-mkmd, each in the form of a recirculating 
line on the drum with a one word spacing. 

These four Working Registers together comprise what is referred to as the 
Computing Control Unit. As such, they execute all internal data processing, 
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AMD CONTROL INPUTS AND OUTPUTS TO AND FROM THE COMPUTER. THE REGISTERS 
ARE KNOWN INDIVIDUALLY AS: 

U Upper Accumulator 

L-- --- Lower Accumulator 
C — —Command Register 
X-— — index Register 

The Upper Accumulator 

Generally speaking, the Upper Accumulator is that register in the Computing 
Control Unit which hol&s the computer word to be operated upon. At the 
completion of an arithmetic or logical operation, it will normally hold 
the result of the operation. 

The Upper Accumulator is the primary working register. It can receive in- 
formation from, or send information to any register in memory, ano any 

WORKING REGISTER E XCEPT THE COMMANO REGISTER. NORMALLY THESE ARE FULL WORD 

transfers. However, information maybe shifted from the Upper to the Lower 
Accumulator, or from the Lower to the Upper Accumulator on a bit-by-bit 
basis. 

FOR ANY ARITHMETIC OPERATION, THE CONTENTS OF THE UPPER ACCUMULATOR ARE 
CONSIDERED AS CONSISTING OF A SIGN BIT FOLLOWED BY 31 MAGNITUDE BITS AND 
THE OPERATION WILL BE PERFORMED ACCORDING TO THE NORMAL LAW OF SIGNS. 

Following a Multiply (MPY) instruction, the Upper Accumulator will contain 

THE MOST SIGNIFICANT HALF OF THE DOUBLE WORD PRODUCT. BEFORE A D I V I DE (D IV ) 
INSTRUCTION, THE UPPER ACCUMULATOR WILL CONTAIN THE MOST SIGNIFICANT HALF 

of the double word dividend. 
The Lower Accumulator 

The Lower Accumulator may be thought of as a supplement to the Upper, pro- 
viding an ALTERNATE DATA HANDLING RE G I STER , ANO SERVI NG AS AN EXTENSION TO 

the Upper for bit manipulation and extra precision arithmetic Its con- 
tents MAY BE ADDED TO, SUBTRACTED FROM, AND TRANSFERRED DIRECT TO MEMORY, 
IN THE SAME WAY THAT THESE OPERATIONS ARE PERFORMED WITH THE UPPER. 

Before a Divide (DIV) instruction, the Lower Accumulator will contain the 

LEAST SIGNIFICANT HALF OF THE OIVIOEND. FOLLOWING A DIVIDE (DIV) OR A 

Divide Upper (DVU) instruction, the Lower Accumulator contains the remain- 
der. Following a Multiply (MPY) instruction, the Lower Accumulator con- 
tains THE LEAST SIGNIFICANT HALF OF THE PRODUCT. 

When combined with the Upper Accumulator to forma double length word, bit 
"0" of the Lower Accumulator is considered as a data bit. Otherwise, it 
i s considered a sign bit. 

Through the use of a modifier bit in the Exchange (EXC) instruction/the 
Lower Accumulator can be set to eight words instead of one. These eight 
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WORDS FUNCTI ON AS INDIVIDUAL ACCUMULATORS, BUT ARE SUBJECT TO CERTAIN RE* 
STRICTIONS IN THEIR USE. FOR FURTHER DISCUSSION OF THIS MODE, SEE PAGE 21. 



The Command "Reg'j ster 

The Command Regi ster i s that register which holds an instruction "word dur- 
ing the time THAT IT IS BEING INTERPRETED AND OPERATED, BY THE COMPUTER. 
THE INSTRUCTION WORD CONSISTS OF FOUR LOGICAL PARTS ' OR' F I ELDS, .EACH OF 
WHICH. IS CONSIDERED WHEN AN I NSTRUCTI ON IS PERFORMED: 

1. The Command Field (bits thru 4)— This field in the Cocimand Reg- 
ister WILL CONTAIN THE NUMERICAL CODE REPRESENTING THE OPERATION, 
TO BE PERFORMED. It SERVES ONLY TO I DE NT! FY THE REQUIRED OPERATION 

and has no quantitative significance. 

2. The Data Address Field (bits 5 thru 17)— For most instructions, 
this field will contain a memory address signifying the location 
of the operand. for some instructions, this field will contain a. 

SET OF LOGICAL MODIFIERS WHICH SERVE TO FURTHER DEFINE THE OPERA- 
TION OF A BASIC COMMAND. AND FOR A FEW INSTRUCTIONS, THE CONTENTS 

of this field are used as the operand.. 

3. The Next Address Field (bits 18 thru 30)— This field will 'contain 

A MEMORY ADDRESS SIGNIFYING THE LOCATION OF THE INSTRUCTION WHICH 
IS TO OPERATE IMMEDIATELY FOLLOWING THE ONE CURRENTLY I N THE COM- 
MAND RE G I STER. THE ONLY EXCEPTION TO THIS IS THAT, UPON ENCOUNTER- 
ING AN ACTIVE TRANSFER INSTRUCTION, THE NEXT INSTRUCTION WILL BE 
TAKEN FROM THE ADDRESS SPECIFIED IN THE DATA ADDRESS FIELD. 

M, The Index Tag Field (bit 31) — A "I" bit in this field will cause 

THE COMPUTER TO APPLY I NDEXI NG TO THE INSTRUCTION WHEN IT IS PLACED 

i n the Command Register. Thismeans that the Data Address field is 

INCREMENTED BY THE CONTENTS OF BITS 5 THRU 1 7 OF THE INDEX REGIS- 
TER. If the Index Tag is set to "0", indexing is not applied, and 

the Data Address field in the Command Register will be identical 
with the corresponding i nstructi on i n memory. 



The Index Register 

The Index Register performs several important functions in the RPC-4000. 
!ts primary use is for address modification and, for this purpose, bits 5 
thru 17 of the Index Register serve to hold a value by which the Data Ad- 
dress FIELD OF AN INSTRUCTION MAY BE I NCREMENTE D c THIS INCREMENTAL VALUE 
MAY BE PLACED IN THE INDEX REGISTER BY MEANS OF A LOAD INDEX ( LDX ) IN- 
STRUCTION, AND CAN BE USED BY INCLUDING AN INDEX TAG IN THE APPROPRIATE 

instruction. 

Bits 18 thru 24 of -jhe Index Register are used to hold the repeat count 

FOR ANY INSTRUCTION WHICH IS OPERATED IN THJE REPEAT MODE- (SEE PAGE 22) 

This count i s loaded by a Load Count (lDC) instruction immediately preced- 
ing THE INSTRUCTION TO BE REPEATEB. 
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Bits 25 thru 30 of the Index Register are used in - conjunction with the 
Compare Memory Equal (CME) and the Compare Memory Greater (CMG) instruc- 
tions. At the beginning of a compare instruction, the Sector Reference 
Timing Track is copied into bits 25 thru 30 tfF the Index Register. If the 
instruction is executed in the repeat mode, this copying occurs prior to 
each iteration until a successful comparison is made or until the specified 
number of repeats is complete0. i f anfi- when a succe ssful comparison occurs, 
any further copying of the timing track, is inhibited. the index register 
will then contain a value one sector greater than the sector location of 
the memory word which compared successfully. 

|N ADDITION TO THE ABOVE FUNCTIONS, THE FULL WORD INDEX REGISTER MAY BE 
USED ASA RAPID ACCESS STORAGE LOCATION AND MAY BE EXCHANGED WITH THE UPPER 

Accumulator through the use of the Exchange (EXC) instruction. 



The Branch Control 

Although it is not a register, there is another information handling device 
within the computer which should be mentioned here. this is an internal 
toggle switch consisting of only one bit and known as the branch control 
toggle. it is automatically turned on when an overflow cono i tl on occurs. 
|t may be set by the instructions, sns , cxe, cme, and cmg. |t may be 
sensed by the instruction, tbc (transfer on branch control). 



PROGRAMMED OPERATING MOOES 

There are certain modifications which can be made under program control, 
which will alter the normal operating procedures for the central computer. 
They are concerned, for the most part, with the processing of multi-word 
blocks of information or tables of associated- 0ata. the first of these 
modifications provides the ability to change the form of the lower accumu- 
lator from one word to eight individual lower accumulators. the second 
enables automatic repetition of an instruction for a selected number of 
times using consecutive storage locations. 



The Eight Word Lower Accumulator 

The Lower Accumulator can be set to eight words or back to one word by 
means of two control bits which are a part of the exchange (exc) instruc- 
TION word. The effect of setting the Lower to eight words isthat, instead 
of the same value being recirculated into all 64 word positions, there are 
eight separate values considered, each of whi ch i s reci rculated into eight 
word positions. in this respect, the eight word lower is the same format 
as the recirculating memory line, track 127. 

When an instruction involving the eight word Lower is executed, the accu- 
mulator WORD LOCATION USED WILL CORRESPOND TO THE SECTOR ADDRESS OF THE 
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instruction's operando to put it another way, if we let l(), lj , l£,...l7 
designate the eight lower accumulators, then an instruction with a data 
Address of 10300 would use or affect Lo, as would 10308, 10316, etc. Like- 
wise, AN INSTRUCTION WITH A DATA ADDRESS OF 02703, WOULD USE OR AFFECT L3 , 
as would 05403, 06711, 1 1819, etc. 

If overflow occurs in a Lower Accumulator word, it has no effect on the 
other seven words of the lower, nor does it affect the upper accumulator, 
it does, however, turn on the branch control toggle. 

The eight word Lower Accumulator can be used with the Input (INP) instruc- 
tion TO RECEIVE UP TO 64 4-B I T CHARACTER S OR 42 6-BIT CHARACTERS. INPUTS 
ENTER INTO THE LEAST SIGNIFICANT END OF L{), AND EACH SUCCEEDING CHARACTER 
CAUSES THE PRECEDING CHARACTERS TO BE SHIFTED LEFT UNTIL ALL EIGHT ACCU- 
MULATORS ARE FILLED. IF THE NUMBER OF INPUT CHARACTERS EXCEEDS THE CAPAC- 
ITY OF THE EIGHT WORD LOWER, CHARACTERS WILL BE LOST OUT OF THE MOST SIG- 
NIFICANT END OF L7. 



The Automatic Repeat Mode 

The execution phase of an instruction operated in this mode may be extend- 
ed TO ANY DESIRED NUMBER OF WORD TIMES, NOT TO EXCEED 128. A WORD TIME 
IS THAT TIME REQUIRED FOR ONE SECTOR OF THE DRUM TO PASS BENEATH THE REAo/ 
WRITE HEAD. IT IS APPROXIMATELY .25 MILLISECONDS. THUS, THE NUMBER OF 
REPETITIONS OF AN INSTRUCTION WILL BE A FUNCTION OF THE REPEAT COUNT AND 

the word times required to complete one execution. most instructions re- 
quire only one word time for command execution and, therefore, the number 
of repetitions beyond the initial execution will be equal to the specified 
Repeat Count. 

The Repeat Mode is initiated by a Load Count (LDC) instruction, which places 
the Repeat Count in the Repeat Control field of the Index Register (bits 
18 thru 24). The instruction immediately following the LDC instruction 
will be the only one affected. It will be placed in the Command Register 
and, where appropriate, the drum will be searched for its data address as 
in normal operation,, but its execution phase will be continually repeated 
until the Repeat Count in the Index Register runs out. For each repetition, 
the Data Address used will be the one beneath the head at the time of exe- 
cution. When this operation continues beyond Sector 63, it proceeds with 
Sector 00, 01, etc., of the same track. Track switching is not possible 
during a Repeat Mode operation. 

The Repeat Count in the Index Register does not define the number of repe- 
titions of AN INSTRUCTION WHOSE EXECUTION PHASE REQUIRES MORE THAN ONE 
WORD TIME. THE NUMBER OF REPETITIONS IS DETERMINED BY DIVIDING THE NUMBER 
OF WORD TIMES IN THE EXTENDED EXECUTION PHASE BY THE WORD TIMES REQUIRED 
FOR ONE EXECUTION. It SHOULD BE UNDERSTOOD THAT AN IMPROPER REPEAT COUNT 
SET BY THE LDC INSTRUCTION, CAN RESULT IN AN INCOMPLETE EXECUTION OF THE 
REPEATED INSTRUCTION. 
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Any instruction except LDC can be operated in the Repeat Mode. However, 

ITS USE WITH SOME INSTRUCTIONS LEADS TO RATHER UNPREDICTABLE RESULTS. ITS 
PRIMARY USE IS WITH THE ARITHMETIC INSTRUCTIONS FOR BLOCK PROCESSING OR 
BLOCK TRANSFERS, AND WITH THE COMPARE INSTRUCTIONS, CME AND CMG , FOR TABLE 

SEARCH. 

A SPECIAL CASE OCCURS WHEN A COND I Tl ONAL TRANSFER INSTRUCTION, TBC CR Tttt , 
IS OPERATED IN THE REPEAT MODE. IF THE TRANSFER IS INACTIVE, NO ACTION I.S 
TAKEN AND THE EXECUTION PHASE MERELY OELAYS PROCEE D I NG TO THE NEXT INSTRUC- 
TION until the Repeat Count runs out. If the transfer is active, the nor- 
mal EXECUTION PHASE IS NEVER REACHED. CONSEQUENTLY, THE REPEAT COUNT RE- 
MAINS INTACT AND CAUSES THE RE PETI Tl ON OF THE INSTRUCTION TO WMJCM THE 
TRANSFER IS MADE. TH I S I S THE ONLY I NSTANCE I N WH I CH THE REPEATED INSTRUC- 
TION DOES NOT IMMEDIATELY FOLLOW THE LDC I NSTRUCTI ON. 
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4 



i 



i 



THE 
INSTRUCTION LIST 



The basic instructions which make up the RPC-^000 Instruction List are 

DESCRIBED IN THE FOLLOWING PAGES. THESE ARE ".MACHINE LANGUAGE" I NSTRUC- 
TIONS,EACH0F WHICH SPECIFIES A PARTICULAR ACTION TC 8E TAKEN BY THE COM- 
PUTER. Pseudo-instructions for communi ca ri on with the ROAR assembly pro- 
gram ARE NOT INCLUDED IN THIS SECTION. 

a drawing of the instruction word format accompanies each description. 
This drawing contains the numeri cal Command code and illustrates the field 
allocation for each component of the instruction. the mnemonic 0esignat0r 
for each Command is shown in bold type at the top of each description. 

in many instances, diagrams have been included to support and clarify the 
text explanations of the actions taken by the i nstructi ons, these diagrams 
indicate the transfer and modification of the contents of the various re- 
gisters which are involved in the instruction operation. 

The "minimum time" referred to in these PAGES INCLUDES THE MINIMUM TIME TO 
complete all four phases of the operat i on, from the beginning of the search 
for the Instruction Word to the beginning of the search for the next In- 
struction Word. 



24 



HALT 



HLT 









INSTRUCTION WORD FORMAT 






Command 


D-TratH 


D-Stcttr 


N Trick | N-Sicter 


X-Tl| 


00 


000 


(Any) 


(Next Addriss) 


o/i 


o 4 


i 


11 


12 17 


II U\tb 


JO 


11 



The computer will halt with the Instruction Word in the Command Register. 

If indexing is specified, it should be noted that any index value which 
results in a non-zero value in the d-track field will effectively produce 
a SNS instruction. (See next page.) 

Minimum time — 4 word times 

Overflow--- Not a factor 

Branch Control — Not affected 

Registers affected— None 



25 



SENSE 



SNS 









INSTRUCTION WORD FORMAT 






CmmmmI 


0-TfKk 


D-SitUf 


N-Tucti | N-StcUr 


XT* 


M 


1 — ^ 127 


(Any) 


(Nixt Addrtss) 


o/i 


o 4 


5 


'1 


12 17 


II 34|2i 


30 


V 



The initial action of the instruction is to turn off the Branch Control. 

This instruction will sense the condition of certain manual switches as 
related to the d-track value. if one or more d-track bits correspond to 
a depressed sense switch, or if d-track > 6k\q, the instruction will turn 
on the Branch Control. 

Note that any index value which modifies the value of the D-track will al- 
ter THE LOGICAL CORRESPONDENCE OF THE D-TRACK BITS AND THE SENSE SWITCHES. 



Minimum time 4 word times 

Overflow Not a factor 

Branch Control Conditionally set "On" 

Registers affected — None 
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COMPARE INDEX EQUAL 



CXE 





INSTRUCTION WORD FORMAT 








Command 


D Track | DSaetar 


M-Trtek 


NStetir 


Mat 


01 


(Data Valui) 


(Ntxt Addrtss) 


o/i 


(1 4 


5 i)|l2 17 


11 24 


25 


30 


Ji 



The initial action of this instruction is to turn off the Branch Control. 
The Data Value in the instruction is then compared with bits 5 — *-l7 of 
the Index Register. If there is a one-to-one correspondence, the Branch 
Control is turned ojn- If not, the Branch Control remains off. 

If indexing is specified in this instruction, a Data Value of zero will 
turn on the Branch Control, regardless of the index value. This occurs 
because the zero Data Value, when indexed, becomes identical with the In- 
dex Value. Conversely, any Data Value other than zero will turn off the 
Branch Control, regardless of the Index Value, inasmuch as any non-zero 
value, when indexed, becomes greater than the index value. 



Minimum time — 4 word times 

Overflow Not a factor 

Branch Control Conditionally set "On" or "Off" 

Registers affected— None 



INSTRUCTION 



TURN 
BRANCH CONTROL! 




COMPARE bits 



TURN 
BRANCH CONTROL 
ON 



*- 1 w 

WITH INDEX 

f R EGI STER 
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RESET AND ADD TO UPPER 



RAU 







INSTRUCTION WORD FORMAT 






Command 


Track 


D-Sectir 


N-Tricfc | H-Seclor 


X-Tif 


02 


(Data Addrtss) 


(Next Addrtss) 


0/1 


4 


5 '1 


12 17 


11 ?4 1 25 


3D 


J> 



The contents of the memory location specified by the Data Address will re- 
place THE CURRENT CONTENTS OF THE UPPER ACCUMULATOR. 

The Data Address may be modified by indexing. 

Minimum time — 4 word times 

Overflow Not a factor 

Branch Control Not affected 

Registers affected — Upper Accumulator 



INITIAL CONTENTS 



FINAL CONTENTS 



Memory Register 




Memory Register 




J * 1 
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RESET AND ADD TO LOWER 



RAL 





INSTRUCTION WORD FORMAT 






Command 


D Track | O-SicUr 


N-Trtefc | N-SteUr 


X-Tig 


03 


(Data Addrtss) 


(Nixt Addrtss) 


0/1 


4 


S i||l2 17 


tl 24 1« 


30 


11 



The contents of tme memory location specified by the Data Address will re- 
place THE CURRENT CONTENTS OF THE LOWER ACCUMULATOR. 

The Data Address may be modified by indexing. 

Minimum time-—-- *♦ word times 

Overflow Not a factor 

Branch Control Not affected 

Registers affected — Lower Accumulator 



INITIAL CONTENTS 



FINAL CONTENTS 



Memory Register 




Memory Register 




Lower Accumulator 
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STORE ADDRESS FROM UPPER 



SAU 







INSTRUCTION WORD FOF 


(MAT 






Cwnnund 


D-Tratk 


O-Sicttr 


N -Track | NStcUr 


X-T*| 


M 


(Data Address) 


(Next Addriss) 


0/1 


(1 4 


5 n 


12 17 


it 


?.« 1 25 


30 



Stores bits 5— *-\7 of the Upper Accumulator into bits 5 — *~|7 of ■ the. mem- 
ory LOCATION SPECIFIED BY THE DATA ADDRESS, REPLACING THE CURRENT CONTENTS 

of these bits. the remainder of the memory word is left unchanged. 
The Data Address may be modified by indexing. 



Minimum time ■■ — 4 word times 

Overflow Not a factor 

Branch Control __--Not affected 

Registers affected — Specified memory location 



INITIAL CONTENTS 



FINAL CONTENTS 



Memory Register 




Memory Register 




MASKED STORE 



MST 





INSTRUCTION WORD FORMAT 






Command 


Trick | D-Sactir 


N -Track | N-Stctor 


X-T»| 


OS 


1 "" 

(Data Addnss) 


(Next Addnss) 


0/1 


(1 4 


5 11 1 1 2 17 


11 24 1 25 


3D 


V 



Stores selected bits from the Lower Accumulator into the memory location 
specified by the data address, as masked by the upper accumulator. where 
the upper Accumulator contains I ' s, stores the corresponding Lower Accumu- 
lator BITS INTO THE MEMORY WORD. WHERE THE UPPER ACCUMULATOR CONTAINS O'S, 

leaves the corresponding memory word bits unaltered. 
The Data Address may be modified by indexing. 



Minimum time 4 word times 

Overflow Not a factor 

Branch Control — Not affected 

Registers affected — Specified memory location 



INITIAL CONTENTS 



FINAL CONTENTS 



Memory Register 



B 



Lower Accumulator 



1— 



iM/if* 



} 



-[ 



Memory Register 



CwRiiRtf AtC 



Upper Accumulator 
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LOAD COUNT 



LOG 







INSTRUCTION WORD FORMAT 






Command 


D Track 


D-S«t»r 


N Tracfc | N-S»clor 


X-T»| 


06 


(Data Addrtss) 


(Next Address) 


0/1 


n ■■ i 


5 '1 


12 17 


It 24 | 2'. 


30 


■3> 



Loads bits lb — *-24 of the memory location specified by the Data Address 

into bits 18 *~2k of the index register, replacing the current contents 

of these bits. the remainder of the index register is left unchanged. 

Causes the next instruction to be executed in the extended mode; that is, 
the instruction contained in the memory location specified by the next ad- 
dress will be repeated as many tl me s as the number placed in bits 18 *~2*+ 

of the Index Regi ster. 

The Data Address may be modified by indexing. 



Minimum time 4 word times 

Overflow Not a factor 

Branch Control Not afffcted 

Registers affected — Index Register 



INITIAL CONTENTS 



FINAL CONTENTS 




Memory R egi stew 
A 




B 





18 24 



Memory Register 







iHF 




18 2k 



B = Number of times following instruction is repeated 
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LOAD INDEX 



LDX 





INSTRUCTION WORD FOR WAT 








Command 


Track | D-Stet»r 


NTraefc 


H-S»cJor 


■X-Taj: 


07 


(Data Value) 


(Next Addriss) 


0/1 


:>■> t 


i 1 1 ft 2 !7 


II! 7.4 


2') 


30 


'■ v" 



loads the Data Value in the Instruct! on Word i nto bi ts 5— *~\ 7 or the In- 
dex Register, replacing the current contents of these bits. The remainder 
of the Index Register is left unchanged. 

The Data Value may be modified by indexing. This will serve to increment 
the index value by the number in the Data Value field. 



Minimum time — ■ 4 word times 

Overflow ■ Not a factor 

Branch Control ■ — Not affected 

Registers affected — Index Register 



INITIAL CONTENTS 



FINAL CONTENTS 



Instruction Register 



W* 

m 







Index Register 






Inoex t Register 



B 



17 



H 



E 
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INPUT 



INP 







INSTRUCTION WORD FORMAT 








Command 


DTcack 


D-Stctar 


N -Track. 


N-Stctor 


X-Tai 


08 


000 or 064 


^^^P 


(Next Address) 


o/i 


4 


i 'i 


12 17 


11 u 


2') 


30 


31 



If the D-track of the Instruction Word contains OOO, reads H-bit charac- 
ters INTO THE ACCUMULATOR. I f THE D-TRACK CONTAINS 064, READS 6- B I T CHAR- 
ACTERS INTO THE ACCUMULATOR. No 0+U«v- arf(>K.4 U p.in»i++*4 fk +** 0-W.k 

If the Lower Accumulator is set at 1-word length, the characters will be 

READ INTO THE DOUBLE LENGTH ACCUMULATOR (COMBINED UPPER AND LOWER). If 

the Lower Accumulator is set at 8-word length, the characters will be read 
into the Lower Accumulator only. 

Read-in begins with the low ord^r character position of the low order ac- 
cumulator word and, as subsequent characters are read in, the existing ac- 
cumulator contents are shifted left one character position. 

The D-track value may be mooified by indexing. However, care should be 
taken that this does not result in a value other than 000 or 064. 



Minimum time-- Dependent on the number of characters read 

Overflow Not a factor 

Branch Control Not affected 

Registers affecteo---Upper and/or Lower Accumulators 
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EXCHANGE 



EXC 



INSTRUCTION WORD FORMAT 



Command 


D-Track 


D-Siclir 


N-Tracfr. | N-Sictor 


X-Th 


09 


i 


0->-2 


0-H5 


(A»y) 


(Next Address) 


0/1 


4 


b 


1 7 


t u 


12 




17 


ii 


?4 | Vi 


30 


11 



This instruction performs one or more of the following functions, in ac- 
cordance WITH THE LOGICAL BIT PATTERN IN THE D-TRACK FIELD. , 

If bit 6 = I, Set the Lower Accumulator to 1-word length. 

If bit 7 = I, — -Set the Lower Accumulator to 8-word length. 

(The above two functions are mutually exclusive.) 

If bit 8 = I, Replace the contents of the Upper Accumulator with 

the contents of the Index Register. 

If bit 9 = I, ■ — Replace the contents of the Index Register with the 

contents of the Upper Accumulator. 

If bit 10 = I, ---Replace the contents of the Upper Accumulator with 

THE CONTENTS OF THE LOWER ACCUMULATOR. 

If bit II = I, Replace the contents of the Lower Accumulator with 

THE CONTENTS OF THE UPPER ACCUMULATOR. 

(ANY OR ALL OF THE ABOVE EXCHANGES MAY BE EXECUTED WITH THE SAME IN- 
struction, if bits 8 and 10 are both se t , the upper accumulator will 
receive the logical sum of the conte nts of the i nde x reg i ster and the 
Lower Accumulator. ) 

The D-track and D-sector values may be modified by indexing. 

Minimum time 4 word times 

Overflow-- — Not a factor 

Branch Control— — ■ — Not affected 

Registers affected — Index Register and both Accumulators 
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DIVIDE UPPER 



DVU 







INSTRUCTION WORD FORMAT 








Command 


DTrack 


O-Stctir 


N-Ttatk 


N-S*cler 


X-Taf 


10 


(Data Addrtss) 


(Next Address) 


o/i 


a 4 


b «l 


12 17 


It 24 


25 


30 


3> 



The contents of the Upper Accumulator are di video by the contents of the 
memory location specified by the data address. the quotient is left in 
the Upper Accumulator, and the remainder is left in the Lower Accumulator. 
The remainder is always a positive value, regardless of the sign of the 
quotient, so that the dividend minus the remainder will always equal the 
divisor times the quotient. 

The Data Address may be modified by indexing. 



Minimum time 70 word times 

Overflow -Turns on Branch Control 

Branch Control -Turned on by overflow 

Registers affected — Upper and Lower Accumulator 



INITAL CONTENTS 



FINAL CONTENTS 



Memory Register 



Up 



PER 1 



Accumulator 



B 








Lower Accumulator, 
+ Rama i Mar 



1 



DIVIDE 



DIV 





INSTRUCTION WORD FORMAT 






Command 


D Track | O-Sector 


NTtatt. | N-Sicttr 


X-Ta| 


11 


(Data Address) 


1 

(Next Address) 


B/1 


(1 4 


b 'l|l2 17 


11 ?4J2f> 


30 


3> 



The contents of the double length accumulator (combined Upper and Lower) 
are divided by the contents of the memory location specified by the data 
Address. The quotient is left in the Upper Accumulator, and the remainder 
is left in the Lower Accumulator. The remainder i s always a positive value, 
regardless of the sign of the quotient, so that the dividend minus the re- 
mainder will always equal the divisor times the quotient. 

The Data Address may be modified by indexing. 



Minimum time — 70 word times 

Overflow Turns on Branch Control 

Branch Control Turned on by overflow 

Registers affected—Upper and Lower Accumulator 



INITIAL CONTENTS 



FINAL CONTENTS 



Memory Register 



Combi ned Upper and 



B 



Lower Accumulator 



J 



•r 



Memory Register 




Upper Accumulator 
B* A 



Lower Accumulator 
+■ Rtmalnder 
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SHIFT RIGHT OR LEFT 



SRL 



INSTRUCTION WORD FORMAT 



Command 


D Track 


D-S»ct»r 


N-TfKk | NS«t»r 


XTi| 


12 


ooo m 001 


(Shift count) 


(Next Addrtss) 


0/1 


i 


5 i| 


12 17 


ti 


u\ih 


30 


Jl 



If the D-track field of the Instruction Word contains 000, shifts the con- 
tents OF THE DOUBLE LENGTH ACCUMULATOR (COMBINED UPPER AND LOWER) TO THE 
RIGHT BY THE NUMBER OF BIT POSITIONS SPECIFIED IN THE SHIFT COUNT. BITS 
SHIFTED OUT OF THE LOW ORDER BIT POSITION ARE LOST. 

IF THE D-TRACK FIELD CONTAINS OOJ, SH I FTS THE CONTENTS OF THE DOUBLE LENGTH 
ACCUMULATOR TO THE LEFT BY THE NUMBER or BIT POSITIONS SPECIFIED IN THE 

Shift Count. If overflow occurs, turns on Branch Control. Bits shifted 
out of the sign position are lost. 

The Shift Count and/or direction of shift may be modified by indexing. 

Minimum time —7 word times plus I for each bit position 

shifted. 

Overflow Turns on Branch Control 

Branch Control--— — Turned on by overflow 

Registers affected — Upper and Lower Accumulators 



RIGHT SHIFT 



H 



Upper Accumulator 



M 



Lower Accumulator 



Bits / — \ s \* 
Lost J ■— - 1 - 



LEFT SHIFT 
Upper Acc umulator Lower Accumulator 



r L 



h 



Bits 
Lost 



J*-0'i 



SHIFT LEFT AND COUNT 



SLC 



INSTRUCTION WORD FORMAT 




The value contained in the double length accumulator (combined Upper and 
Lower) is shifted to the left until it is in normalized form; that is, 
until bit I contains the first significant magnitude bit. Following the 
shift, the Lower Accumulator is cleared to zero, and the number of bit 
positions shifted is placed in bits 5— *H7 of the Lower Accumulator. TU-c 

Indexing is meaningless with this instruction. 



Minimum time — 7 word times plus i for each bit position 

shifted 

Overflow — Not a factor 

Branch Control Not affected 

Registers affected — Upper and Lower Accumulators 



INITIAL CONTENTS 



FINAL CONTENTS 



Combined Up per and Lower Accumula tor 

i -. A n 



J 



Upper Accumulator 



Ntrnsliitd A 



Lower Accumulator 
Nunfecr el Skiffs 
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MULTIPLY 



MPY 







INSTRUCTION WORD FORMAT 






Csmnund 


O-TfjeS 


O-Sesttr 


r N-Trjek j NS«et«r 


X-Tai 


14 


(Data Ai 


dress) 


(Next Addnss) 


0/1 


4 


5 M 


12 11 


u u\n 


30 


ji 



The contents or the Upper Accumulator are multiplied by the contents of 

THE MEMORY LOCATION SPECIFIEO BY THEvDATA ADDRESS. THE RESULTING DOUBLE 

lenfith product is held in the combined upper and lower accumulators. 
The Data Address may be modified by indexing. 



Minimum time ——70 word times 

Overflow- Not a factor 

Branch Control — Not affected 

Registers affected — Upper and Lower Accumulators 



INITIAL CONTENTS 



FINAL CONTENTS 



Memory Register 



Upper Accumulator 



Lower Accumulator 




Memory Register 




Comb i ned Upper and Lower Accumul ator 

— *i* (A x 8) — "" < 



j 



<?8 



MULTIPLY BY TEN 



MPT 



Command 



15 



Track 



000 or 064 



INSTRUCTION WORD FORM*! 



N -Track 




NS»ct»r 



(Nixt ft ddms) 



JO 



X-Ta| 



0/1 



v 



If the D-Track field' of the Instruction Word contains OOO, multiplies the 

CONTENTS OF THE UPPER ACCUMULATOR BY IO |0 , RETA.N.NG THE PRODUCT IN THE 

Upper Accumulator. . 

|F THE D-TRACK FIELD OF THE I N STRUC T« ON WORD CONTA I N S 064, MULT I PL I E S THE 
CONTENTS OF THE LOWE R ACCUMULATOR BY I0 |() , RETA.N.NG THE PRODUCT ,N THE 

Lower Accumulator. 

The D-track value may bb modified by indexing. 

Minimum time r?M word times 

Overflow--- 1 Not a factor 

Branch control Not affected 

Registers affected—Upper or Lower Accumulator 



41 



PRINT FROM D-ADDRESS 



PRD 







INSTRUCTION WORD FORMAT 






Command 


O-Tratk 


D-Seciar 


N-TratK | N-Sactar 


X-Taf 


16 


OOO — ^ 127 


(Aif) 


(Next Addnss) 


0/1 


(1 4 


5 •'.'■ 


12 17 


It 2* |2& 


JO 


V 



If the D-track field of the Instructi on Word contains 000-»-063, prints 
the character it represents on the selected output device. 

If the D-track field contains 064-*-l27, selects the input and/or output 

DEVICES IT REPRESENTS. ( SEE SELECTI ON TABLE BELOW) 

THE l/O INTERLOCK WILL BE TURNED ON, PREVENTING THE EXECUTION OF ANOTHER 
PRINT INSTRUCTION UNTIL COMPLETION OF THE CURRENT ONE, IF THE D-SECTOR 
FIELD CONTAINS ANY SECTOR OTHER THAN THE FIRST OPTIMUM SECTOR (INSTRUCTION 
LOCATION + 2). IF THI S SECTOR IS SPECIFIED, THE INTERLOCK WILL BE BYPASSED. 

THE D-TRACK AND D-SECTOR VALUES may BE MODIFIED by indexing. 



Minimum time- *+ word times 

Overflow -— -Not a factor 

Branch Control ---Not affected 

Registers affected — None 



input/output SELECTION CODES 



D-track 

64 
'. 65 
66 
67 
68 
69 
70 
71 
72 



Reader input 

Reader input Punch output 

Reader input Typewriter output 

Reader input -Punch and Typewriter output 

Typewriter input 

Typewriter input—Punch output 

Typewriter input — Typewriter output 

Typewriter input—Punch and Typewriter output 

Photo-reader, Forward and Search 
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INPUT/OUTPUT SELECTION CODES (continued) 



73 Photo-reader, Reverse and Search 

74 Photo-reader, Forward 

75 Photo-reader, Reverse 

76-94 Available for additional units 

95 Master reset (reset all units) 

96 Available 

97 Punch output 

98 Typewriter output 

99 Punch and Typewriter output 

100 Available 

101 Punch output 

102 Typewriter output 

103 Punch and Typewriter output 
10*+, 105 Search mooe 

I06--I24 Available 

125 Copy mode on 

126 Copy mode off 

127 Reset output units 

NOTES: 

1. Selection of a new input oevice automatically resets the previous 
one. Only one input device may be in the system at a time. 

2. Any combination of output devices may be included in the system at 
one time. A reset command is necessary to drop an output device 

FROM THE SYSTEM. 



PRINT FROM UPPER 



PRU 







INSTRUCTION WORD FORMAT 






Command 


Tr«k 


D-SecUf 


M-Tritfc | N-Stctor 


X-Taf 


•17 ;:.'.. 


008 — ^ 127 


• (Any) 


(Next Addrtss) 


0/1 


<i 4 


b M 


12. 17 


it 34 1" 


30 


31 



Ifthe D-track field of the InstructionWord contains OOO — *»063,* PRINTS THE' 

CHARACTER REPRESENTED BY THE COMBINATION OF BITS 6 AND 7 FROM THE INSTRUC- 
TION Word followed by the high order four bits of the Upper Accumulator. 

If the D-track field contains 064 — M27, PR'I NTS the character represented 

BY THE HIGH ORDER SIX BITS OF THE UPPER ACCUMULATOR. .. 

The l/O interlock will be turned on, preventing the execution of another 
print instruction, until completion of the current one, if the d-sector 
field contains any sector other than the f i r st optimum sector (instruction 
location + 2). if thi s sector i s specified, the interlock wl ll be bypassed. 

The D-track and D-sector, values may be modified by indexing. 



Minimum time 4 word times 

Overflow- —-Not a factor 

Branch Control -Not atfected 

Registers affected — None 
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EXTRACT 



EXT 





INSTRUCTION 


WORD FORMAT 








Command 


DTrack | D-S«l»r 


N -Track 


N-Sictor 


X-Ta| 


18 


(Oata Addriss)' 


(Next Addriss) 


0/1 


O 4 


5 t||l2 


17 


11 ?A 


25 


30 


31 



Produces, in the Upper Accumulator, the. logical product of the contents of 
the Upper Accumulator and the contents of the memory location specified by 
the Data Address. The resultant product will contain Ms in only those 
bit positions which are set to i in both the upper accumulator and the 
memory word. 

The Data Address may be modified by indexing. 



Minimum time — 

Overflow--' — — 

Branch Control-- — » 
Registers affecteq- 



-h word times 
»Not a factor 

-Not AFFECTED 

-Upper Accumulator 



INITIAL CONTENTS 



FINAL CONTENTS 



Memory Register 



Upper 



Accumulator 



: 



Memory Register 




Upper Accumulator 



T 



Logics! (AXS) 
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MASKED MERGE LOWER 



MML 



. 




INSTRUCTION WORD FORMAT 






Command 


DTnck 


D-Sect*' 


H Ttac». J N-Sector 


X-Taj 


19 


(Data Address) 


(Next Address) 


0/1 


o < 


b : n 


12 17 


11 2l\r> 


30 


3< 



The contents of the memory location specified by the Data Address are 
merged with the contents of the lower accumulator under control of the 
Upper Accumulator. In those bit posi ti ons- where the Upper Accumulator 

CONTAINS O'S, THE LOWER ACCUMULATOR ' I S R E TA I NE 0.' In TMO SE BIT POSITIONS 

where the upper accumulator contains i • s , the contents of the memoryword 
replace the corresponding contents of the lower accumulator. 

The Data Address may be modified by indexing. 



Minimum time 4 word times 

■Overflow ■ Not a factor 

Branch Control — - — Not affected 
Registers affected — None 



INITIAL CONTENTS 



FINAL CONTENTS 



Memory Register 



UpperAccumulator 
B 



Lower Accumulator 



Tmas*. 



Memory Register 





UjWERjj^CCUMU^AJjJi^ 



Combined A & C 



mamssm 
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COMPARE MEMORY EQUAL 



CME 





INSTRUCTION WORD FORMAT 








Command 


DTfltK 1 P-Settir 


N-TTKfc 


N-StCtOT 


X-Ta| 


20 


(Data Addrtss) 


(Next Addrtss) 


0/1 


4 


•S 't|l2 \; 


U 24 


7H 


JO 


Jl 



PRIOR TO PERFORMING THE SPECIFIED COMPAR I SON , THE BRANCH CONTROL .S TURNED 
OFF, AND THE SECTOR REFERE NCE T I M I NG TRACK I S COP I ED INTO B,TS 25-*- 30 OF 
InnJ.T* REG,STER - TH,S W "- L *>- W ^S BE ONE SECTOR AHEAD OF THE DATA 

Address being compared. 

?NG E B C r T S VJln^."'™ ACCUMULAT ° R ARE ™«N COMPARED WITH CORRESPOND- 
l,r III, 1 ' °" Y L ° CAT,0N SPEC, F.EDBY THE DATA ADDRESS. ONLY THOSE 

T POS TIONS INDICATED BY I ■ S , N THE LOWER ACCUMULATOR MASK ARE COMPARED 

dI ATF T" VALUES A " E ,DENT ' CA ^ T«E BRANCH CONTROL IS TURNED ON 
INDICATE A SUCCESSFUL COMPARISON. 

ENCE^T.M^TTRrrr,? ""*' EXECUTED,NT ^ R««AT«OOE, THE SECTOR REFER- 
ENCE TIMING TRACK IS COPIED INTO BITS 25 -*► 30 OF THE INDEX REGISTER BE- 
FORE EACH COMPAR I SON UNTIL A SUCCESSFUL COMPAR, SON IS MA OR U J" C M- 
PLETION OF THE REPEAT FUNCTION. A SUCCE SSFUL COMPAR , SON INH.bVts ANY 
FURTHER COPYING OF THE TIMING TRACK. T HE MEMORY LOCAT, ON CONTA , N , NG THE 

r^r^^r succe ™ - — - —° - i™vs 

The Data Address may be mooified by indexing. 



Minimum time— n word times 

Overflow -not a factor 

Branch Control- Conditionally set "On" or "Off" 

Registers affected Index Register 



47 



COMPARE MEMORY GREATER 



CMG 





INSTRUCTION WORD FORMAT 








Command 


D-Tfack | DSecttr " 


N-Traefc | N-Sector 


X-Tai 


21 


(Data Addnss) 


(Next Address) 


o/i 


a 4 


5 <l|l2 i; 


U 24 


2f) 


30 


3< 



Prior to performing the specified comparison, the 'Branch Control is turned 

OFF, AND THE SECTOR REFERENCE TIMING TRACK IS COPIED INTO BITS 25—^30 OF 

the Index Register. This will always be one sector ahead of the Data 
Address being compared. 

Selected bits of the Upper Accumulator are then compared with correspond- 
ing bits IN THE MEMORY LOCATION SPECIFIED BY THE DATA ADDRESS. ONLY THOSE 

bit positions indicated by Ms in the Lower Accumulator mask are compared. 

IF THE SELECTED VALUE IN MEMORY IS GREATER THAN, OR EQUAL TO THE SELECTED 

Upper Accumulator value, the Branch Control is turned on. 

If the instruction is being executed in the Repeat Mode, the Sector Refer- 
ence timing TRACK IS COPIED INTO BITS 25—^30 OF THE INDEX REGISTER BEFORE 
EACH COMPARISON UNTIL A MEMORY VALUE EQUAL TO, OR GREATER THAN THE ACCUMU- 
LATOR VALUE IS FOUND, OR UNTIL COMPLETION OF THE REPEAT FUNCTION. If SUCH • 
A VALUE IS FOUND, ANY FURTHER COPYING OF THE TIMING TRACK IS INHIBITED. 
THE MEMORY LOCATION WHICH CONTAINS THIS VALUE CAN THEN BE DETERMINED BY 

reference to the Index Register. ■ " 

The Data Address may be modified by indexing. 



Minimum time-— h word times 

Overflow-— Not a factor 

Branch Control Conditionally set "On" or "Off" 

Registers affected— Index Register 



48 



TRANSFER ON MINUS 



Ml 





INSTRUCTION WORD FORMAT 




CMMIMI4 


D-TrM* r DS«tor 


N-Tricfc 1 N-S«t»r 


XTi| 


22 


tlrsatttr Atfriss) (Next Addnss) 


0/1 


o « 


b n| 12 i; 


It 24 |25 3D 


3» 



If the Upper Accumulator is negative (a "I" in bit position zero), control 

IS TRANSFERRED TO THE INSTRUCTION SPECIFIED BY THE TRANSFER ADDRESS. IF 
THE VALUE IS POSITIVE, THE INSTRUCTION HAS NO EFFECT, AND THE NEXT INSTRUC- 
TION IS THAT SPECIFIED IN THE NEXT ADDRESS FIELD. 

The Transfer Address may be modified by indexing. 

Minimum time 4 word times 

Overflow Not a factor 

Branch Control Not affected 

Registers effected — None 



TRANSFER ON BRANCH CONTROL 



TBC 





INSTRUCTION WORD FORMAT 




CMMMntf 


DTraik j D-$tct«r 


N-TtKi. | N-S*tt»r 


XT|| 


23 


(Triftsfff Addnss) 


(Ntxt Address) 


o/i 


4 


5 «T|i 2 i ; 


u 7i\is » 


ji • 



If the Branch Control is on, control is transferred to the instruction 
specified by the transfer address, and the branch control is turned off. 
If the Branch Control is off, the instruction has no effect, and the next 
instruction is that specified in the next address field. 

The Transfer Address may be modified by indexing. 



Minimum time — - — - — 4 word times 

Overflow > — Not a factor 

Branch Control Set to "Off" 

Registers affected* — NauE 



;J 



STORE UPPER 



STU 



INSTRUCTION WORD FORMAT 



Commini) 


O-Track | DSteUr 


N-TiKti } NStctor 


X-Tag 


24 


(Data Addrtss) 


(Next Address) 


0/1 


a 4 


5 11 1 12 


IT 


18 


24 1 2^ 


30 


Jl 



Stores the contents of the Upper Accumulator into the memory location spe- 
cified by the Data Address, replacing its current contents. 

The Data Address may be modified by indexing. 



Minimum time— -*♦ word times 

Overflow- — —--Not a factor 

Branch Control- — ---Not affected 

Registers affected— Specified memory location 



INITIAL CONTENTS 



FINAL CONTENTS 



Memory Register 




UppEj^^jyyyiy^jjpj^ 



Memory Register 



1 




51 



STORE LOWER 



STL 





INSTRUCTION WORD FORMAT 




Command 


O-Ttack | O-StcUr 


N-Tmfc { N-S«ctor 


X-Ta| 


25 


(Data Addnss) 


(Nut Addnss) 


o/i 


.< 


5 'ljl2 17 


11 24J2?> JO 


31 



Stores the contents of the Lower Accumulator into the memory location spe- 
cified by the Data Address, replacing its current contents. 

The Data Address may be modified by indexing. 

Minimum time *+ word times 

Overflow- — — — — ■ — Not a factor 

Branch Control Not affected 

Registers affected — Specified memory location 



INITIAL CONTENTS 



FINAL CONTENTS 



Memory Register 




Lower Accumulator 



Memory Register 



Lower Accumulator 




52 



CLEAR UPPER 



CL 







INSTRUCTION WORD FORMAT 








Command 


D Track 


D-S«t«r 


NTrie*. 


N-Sector 


X-Tt| 


26 


(Data Addrtss) 


(Ntxt Addrtss) 


0/1 


n 4 


5 '1 


12 17 


It H 


2') 


30 


J» 



Stores the contents of the Upper Accumulator into the memory location spe- 
cified by the Data Address, replacing the current contents. Clears the 
Upper Accumulator to zero. 

The Data Address may be modified by indexing. 

Minimum time 4 word times 

Overflow- Not a factor 

Branch Control Not affected 

Registers affected — Specified memory location and Upper 

Accumulator 



INITIAL CONTENTS 



FINAL CONTENTS 



Memory Register 




^PjPJER^ACXUMULATOjr 

B 



4 



Memory Register 



B 



Upper Accumulat 



VLlUBR 







S3 



CLEAR LOWER 



CLL 







INSTRUCTION WORD FOf 


(MAT 






Command 


DTfJtk 


D-Seciir 


N-Trjefc j N-StClM 


XT»l| 


27 


(Data Addrtss) 


(Next Addrtss) 


o/i 


fl 4 


b '1 


12 17 


it 


34J2S 


3D 


51 I 



Stores the contents of the Lower Accumulator into the memory location spe- 
cified by the Data Address, replacing the current contents. Clears the 
Lower Accumulator to zero. 

The Data Address may by modified by indexing. 



Minimum time -—4 word times 

Overflow Not a factor 

Branch Control Not affected 

Registers affected — Specified memory location and Lower 

Accumulator 



INITIAL CONTENTS 



FINAL CONTENTS 




JLOW^R^CCUmjLATOR^ 

B 



~[ 



Memory Register 



B 



Lower Accumulator 



000 



54 



ADD TO UPPER 



ADU 



INSTRUCTION VvORO FORMAT 



Command 



28 



O Track 



(Data Address) 



DSecttr 



12 



N'TriCfc 



(Next Address) 



34 



N-Sect9f 



*-l*i i 

0/:| 



Adds the contents or the memory location specified by the Data Address to 

THE CONTENTS OF THE UPPER ACCUMULATOR. RETAINS THE SUM IN THE UPPER ACCU- 
MULATOR. 

The Data Address may be modified by indexing. 

Minimum time — — h word times 

Overflow -Turns on Branch Control 

Branch Control --Turned on by overflow 

Registers affected---Upper Accumulator 



INITIAL CONTENTS 



FINAL CONTENTS 



Memory Register 



B 



Upper Accumulator 



Memory Register 




J Upper Accumulator 
\—+\ A 4- b"" 



55 



ADD TO LOWER 



ADL 





INSTRUCTION WORD FORMAT 






Command 


D Track | DSecttr 


NTracfc | N-Seclor 


X-T»| 


29 


(Data Address) 


(Next Address) 


o/i 


(i < 


5 I1J12 !7 


II 54 1 2'> 


3D 


3' 



ADDS THE CONTENTS OF THE MEMORY LOCATION SPECIFIED BY THE DATA ADDRESS TO 
THE CONTENTS OF THE LOWER ACCUMULATOR. RETAINS THE SUM IN THE LOWER ACCU- 
MULATOR. 

The Data Address may be modified by indexing. 



Minimum time -----M word times 

Overflow Turns on Branch Control 

Branch Control- Turned on by overflow 

Registers affected---Lower Accumulator 



INITIAL CONTENTS 



FINAL CONTENTS 



Memory Register 



B 



■Lower Accumulator 



Memory Register 




H. 



- L | OJjEF^C i C i UMUJ l AT (| B R B 

A + B 



56 



SUBTRACT FROM UPPER 



SBU 





INSTRUCTION WORD FORMAT 


ri. ■ 


V 


Command 


D-Tr»rt { 6-S«t«c 


tT-tirufc \ f '"N-SMtor 


X-T»| 


30 


(Data Addrtss) 


(Next Addrfss) 




0/1 


fl 4 


b (l|l2 17 


tl 24 |2S 


30 


3' 



Subtracts the contents of the memory location speci f i eo by the .Data Address 
from the contents of the upper accumulator. retains the difference in the 
Upper Accumulator. 

The Data Aooress may be modified by indexing. 

Minimum time 4 word times 

Overflow Turns on Branch Control 

Branch Control --Turned on by overflow 

Registers affecteo — Upper Accumulator 



INITIAL CONTENTS 



FINAL CONTENTS 



Memory Register 



Upper Accumulator a 



B 



Memory Register 




L-r 



Upper Accumulator 
B - A 



] 



57 



SUBTRACT FROM LOWER 



vDL 



tl 



INSTRUCTION WORD FORMAT 

tamtm 



(Oats Arfdriss) 



(Hex! Address) 




Subtracts the coMT^HT^o'' th| memory tacATioM sffgeiFicp by th^ Data Address 
from the contents of tht lower accumulator, re tai ms the 1 fferehce in the 
Lower Accumulator. 

The Data Address may be MopmEP by »NDex$N3 t 

Minimum .T|MeT»"r.-«"*r-H worp times 

QVERPtOWT--T*»vrTt**TV«NS OM BRANCH CONTROL 

Branch Co»Tf»oi:T»*«r— Jurned on by overflow 
Registers AFFECTEo-riowER Accumulator 



INITIAL CONTENTS 

.| ■ .... || ..II 1 I I! '.. .1 ■-<■ 



FINAL CONTENTS 



Memory Register 




-Lower -Accumuiato* 



■ i='~r,f*' . ' "T ■■_- -° .]:--^-^-:-a:r::^- STizrvFfr-:??:-f 




to we r AeeuM u it a t o r 
B 4 




To RFC -4000 MBKmm Prosrammlng Manual 

April 1960 Edition 

Page 34 - If the D-track field of the INP Instruction contains a value 
other than 000 or 064, the character which enters the Lower 
accumulator will be the logical product of the incoming tape 
character and the corresponding bits from the D-track field 
of the instruction word. 

Page 39 - The description of the SLC instruction shoudl read as follows: 

The value contained in the double length accumulator 
(combined Upper and Lower) is shifted to the left 
until bit 1 contains the first significant magnitude 
jLifc^j&r jmJtil the sum of _the^ D«sectx>r value ot—the f , t ^«^ J ^~ 
instruction word and the number of bit post* lonf^s^mtxT 
equals 64. Following the shift, the Lower accumulator 
is cleared to zero, and the sum of the D-sector value 
and the number of shifts is placed in Lower accumulator 
bits 12 through 17, modulo 64. That is, a sum of 64 
will appear in the Lower as zero. 

The Data address may be modified by indexing. 

Page 41 - The MPT instruction may cause an overflow out of the left 
end of the affected accumulator but this overflow will not 
turn on Branch Control. 

The addition of two diodes to the logic board can 
make this command function as a Shift LeftVl£9r3 bits 
in 4 word times . In this case The T)-track value 

will be some other value than 000 ot 064. 



